Objectives: The aim of the study was to assess the role of ST segment depression in the limb leads aVR and aVL for the diagnosis of acute posterior wall infarction and the identification of infarct related artery (IRA) in patients with acute inferior wall MI. Methods: In 159 patients with I-STEMI, 127 (80%) had RCA occlusion and 32 (20%) had LCX occlusion. In the ECG algorithms, RCA occlusion was indicated by ST depression in lead aVL higher than lead aVR and no ST depression in lead aVL and aVR. LCX occlusion was indicated by ST depression in lead aVR higher than or equal to lead aVL and no ST depression in aVL and aVR. Results: The sensitivity, specificity, positive and negative predictive values of these algorithms were high (98%, 82%, 92% and 95% for RCA occlusion and 83%, 98%, 95% and 92% for LCX occlusion). Conclusion: The ECG algorithms can reliably identify the culprit artery in I-STEMI. ST segment depression in limb leads aVR and aVL with avR ≥ aVL helps to diagnose left circumflex artery as a culprit IRA in an acute inferior wall MI.
Introduction
With no doubt, the electrocardiogram (ECG) is the most useful, feasible, cheap and universally available tool for the initial evaluation, early risk stratification, triage, and guidance of therapy in patients with a suspicion of an acute ischemic event [1] . To predict the culprit artery in Inferior wall STEMI can be challenging because of the variable dominance of RCA and LCX among patients. ECG helps to predict the culprit artery and locate the lesion within the infarct related artery (IRA), thus providing clinically important information to augment clinical decision making and tailor reperfusion therapy [2] [3] . Of the electrocardiographic leads, aVR has traditionally received less attention in clinical evaluation of the ECG [4] . ST segment changes in lead aVR are usually ignored in ECG analysis [5] [6] . Except this lead, all other leads in ECG analysis are considered for recognition of MI and localization of STEMI [7] . The aim of our study was to assess the ST segment depression in limb leads aVR and aVL for the identification of IRA and the diagnosis of inferior wall MI. We also dealt with the relation of ratio of ST elevation in lead II and lead III to assess the culprit IRA for the patient with inferior wall MI.
Methods
It was a prospective cohort study from January 2014 to January 2015. Altogether, the data of 368 patients having an acute inferior wall MI and admitted in the cardiovascular department of the First Hospital of Jilin University were collected. Of them, only 159 patients (male 104 and female 55) were selected for the study as per our inclusion criteria. The inclusion criteria were: chest pain lasting for more than 30 minutes before hospital admission, elevation of troponin I (>0.01 ng/ml), creatinine kinase (CK-MB) greater than twice the upper limit of normal range (normal: 0 -3.5 ng/ml), and the ECG showing ST segment elevation >0.1 mV (1 mm) in at least 2 of 3 the inferior leads (II, III and aVF). The exclusion criteria were: previous history of acute myocardial infarction, coronary artery bypass surgery or percutaneous coronary intervention prior to current hospitalization, evidence of recent left bundle branch block or left ventricular hypertrophy in ECG, and significant stenosis in both LCX and RCA or triple vessel disease so that a single infarct related artery could not be defined.
Electrocardiography. ECG was recorded in all patients at a paper speed of 25 mm/s and voltage of 10 mm/mv. For inferior STEMI, the inclusion criteria are ST elevation >0.1 mV in at least two of three inferior leads (II, III and aVF). In addition, standard 12 leads ECG were recorded for the study. The ST segment change was measured from the "J" point. The electrocardiologists were blinded to the clinical data.
Coronary angiography. In our study, coronary angiography was performed on all the subjects. The coronary angiography was then compared with ECG findings of inferior leads. The angiogram were also analyzed by the cardiologist who performed them other than who interpreted the ECG. Total occlusion or critical stenosis >70% in one of the coronary arteries was considered to be significant coronary lesion. All the patients underwent PCI following coronary angiography.
Division of patients. Patients were divided into three groups according to the presence or absence of ST depression (>0.1 mV) in limb leads aVR and aVL on ECG. The first Group was the patient group without ST depression in limb leads aVR and aVL whereas other two Groups were the patient group having ST depression in limb leads aVR and aVL i.e (aVL > aVR and aVR ≥ aVL).
Data collection tool. The contents of the intended queries were written sequentially and data were collected and filled in the respective columns.
Statical analysis. All tests of significance were 2 tailed and p values of <0.05 was considered as statistically significant. All the statistical analysis were performed using the SPSS, version 9.0 for windows, statistical package.
Results: ST elevation in leads II, III and aVF with ST depression in lead aVR and aVL was more common in male than in female (72% vs 28%). There were no significant differences between 3 groups in base line clinical characteristics and prevalence risk factors ( Table 1 ). In the ECG of ST elevation in the inferior leads (II, III and aVF), ST elevation in leads III > II was highly associated with ST depression in lead aVL > aVR than with ST depression in lead aVL ≤ aVR (98% vs 22%) (p =< 0.0001), whereas ST elevation in lead II > III was more associated with ST depression in lead aVL ≤ aVR than aVL > aVR (78% vs 2%) (p =< 0.0001). There was no significant difference in KILIP I and ejection fraction between the three groups ( Table 2) . Among 69 patients with ST depression in leads aVR and aVL, the infarct related artery was right coronary artery in 49 patients (71%) and left circumflex artery in 20 (29%). In No ST depression in leads aVR and aVL and ST depression in lead aVL > aVR were strongly associated with RCA occlusion; 87% and 98% respectively. Whereas, ST depression in lead aVL ≤ aVR was associated with LCX, 83% occlusion. TIMI 0 coronary flow was found in 107 patients (67%). No significant differences were found between three groups regarding TIMI 0 flow score ( Table  3) . The right coronary artery (RCA) disease was found significantly higher in proportion with ST depression in lead aVL > aVR (n: 45; 98%) than with ST depression in lead aVL ≤ aVR (n: 4; 17%) (p =< 0.0001), whereas the left circumflex artery (LCX) disease was found very frequently with ST depression in aVL ≤ aVR (n: 19; 83%) than with ST depression in lead aVL > aVR (n: 1; 2%) (p =< 0.0001).
In our study, out of 159 patients; 57% (n: 90) had no ST depression in leads aVR and aVL, 43% (n: 69) patients had ST depression in leads aVR and aVL in relation to ST elevation in the inferior leads (II, III and aVF). Out of 69 patients, 67% (n: 46) had ST depression in lead aVL > aVR, whereas 33% (n: 23) had ST depression in lead aVL ≤ aVR. According to coronary angiography findings the sensitivity, specificity and positive predic-tive value and negative predictive value of ST depression in lead aVL > aVR to predict right coronary artery (RCA) as a culprit artery are 98%, 82%, 92% and 95% respectively. And, the sensitivity, specificity, positive predictive value and negative predictive value of ST depression in lead aVL ≤ aVR to predict left circumflex artery (LCX) as a culprit artery are 83%, 98%, 95% and 92% respectively ( Table 4) .
The ST segment elevation of ≥1 mm (>0.1 mv) in inferior leads II, III and aVF is significant to make the diagnosis of acute inferior wall STEMI. The ratio of ST elevation in leads II and III has a clinical implication to predict the culprit artery. In our study, ST elevation in lead III ≤ II was seen in 31 (19%) patients, and in lead III > II in 128 (81%) patients. Right coronary artery (RCA) was frequently involved in ECG with ST elevation in lead III > II (n: 127; 99%) (p =< 0.0001) and left circumflex artery (LCX) in lead III ≤ II (n: 29; 94%) (p =< 0.0001) ( Table 5 ). The sensitivity, specificity, positive predictive value and negative predictive value for ST elevation in lead III ≤ II to predict LCX as a culprit artery are 94%, 99%, 97% and 98%, respectively, whereas sensitivity, specificity, positive predictive value and negative predictive value for ST elevation in lead III > II to predict RCA as a culprit artery are 99%, 94%, 98% and 97% respectively ( Table 6 ).
Discussion
Abnormalities on the electrocardiogram (ECG) are frequently used to predict the infarct related artery (IRA) in patients with acute myocardial infarction (AMI). Acute myocardial infarction of the inferolateral wall is due to occlusion of the right coronary artery (RCA) or the left circumflex (LCX) coronary artery and the outcome depends on the culprit artery involved [8] . Thus, the presumptive prediction of a culprit artery based on electrocardiography is of clinical importance. Our findings have important clinical implications to predict the infarct related artery (RCA or LCX) by comparing the degree of ST depression in lead aVR with that of lead aVL in inferior wall STEMI.
The few studies have suggested that ST depression in leads aVR and aVL suggests the presence of the left circumflex artery (LCX) occlusion [9] [10]. In our study, among 69 patients with ST depression in leads aVR and aVL, the infarct-related artery was the right coronary artery in 49 patients (71%; p =< 0.0001) and left circumflex artery (LCX) in 20 patients (29%; p =< 0.0001). The pattern of ST depression in leads aVR and aVL was strongly related to the infarct related artery; that is ST depression in lead aVL > aVR indicated right coronary artery (RCA) occlusion in 45 patients (98%), with sensitivity and specificity of 98% and 82% respectively. Whereas ST depression in lead aVL ≤ aVR indicated left circumflex artery (LCX) occlusion in 19 patients (83%) with sensitivity and specificity of 83% and 98% respectively. These findings are better than with the results of Ilkka Tierala et al. [10] . [19] . However, in the presence of ST depression in leads aVR and aVL in inferior wall AMI, we believe that these simple ECG criteria are useful for predicting the infarct related artery (IRA) in the clinical practice to evaluate the high-risk. The aVL lead faces the high lateral segment of the left ventricular wall and is the only lead that is truly reciprocal to the inferior wall. The aVL lead should depict a decrease in R wave amplitude and an increase in S wave amplitude. The standard lead III is oriented to the right inferior segment, whereas lead II is oriented principally to the left inferior segment and also to the inferior region of the left lateral part of the superior wall of the ventricle. Consequently, lead III is more influenced by RCA-related AMI and lead II by LCX-related AMI [12] [20] [21] . The purpose of lead aVR was to obtain specific information from the right upper side of the heart, such as the outflow tract of the right ventricle and the basal part of the septum. In practice, however, most electrocardiographers consider lead aVR as giving reciprocal information from the left lateral side, being already covered by the leads aVL, II, V5 and V6. This has been the reason that lead aVR has become largely ignored. ST segment depression in lead aVR has been suggested as a predictor of LCX artery involvement by some of the studies [22] . Nair and Glancy [23] found that quantifying ST depression in lead aVR distinguished a culprit LCX (≥1 mm) from a culprit RCA (<1 mm or no depression), in a small retrospective analysis. However, Baptista et al. [24] found that lead aVR ST depression showed limited use in differentiation between the RCA and the LCX. Sensitivity and specificity to predict the infarct related artery were 33% and 71%, respectively.
In the present study, 19 patients (83%) had LCX occlusion with ST depression in lead aVL ≤ aVR. The ECG changes during LCX artery occlusion is highly variable because of its anatomical distribution. The LCX supplies blood to the posterior, posterolateral, posteroinferior, or posteroinferolateral myocardium [25] . During LCX occlusion, posterolateral wall involvement is associated with proximal occlusion because this region is supplied, at least in part, by the obtuse marginal branch of the LC artery [15] [25] . When occlusion of the LCX artery more distally, the posterolateral wall will not be involved, and the ST-segment vector will be oriented more inferiorly [25] . Cardiologists should pay more attention to the tracing of lead aVR when interpreting the 12-lead ECG in clinical practice [26] . Thus, when assessing the greater risk area in patients with inferior wall AMI, the clinician should consider the presence of ST segment depression in leads aVR and aVL, which implies a large perfusion area of the left ventricle and the need for aggressive therapeutic strategies to improve myocardial reperfusions. Tierala et al. proposed that in inferior AMI, right coronary artery (RCA) might be the culprit IRA, if the degree of ST elevation in lead III > II and left circumflex artery (LCX) if the ST elevation in lead II ≥ III [10] . In our study, we reported that in patients with inferior AMI, the degree of ST elevation in the inferior leads, mainly leads III > II, was significantly greater in right coronary artery (RCA) occlusion than in left circumflex artery occlusion (99% vs 1%).
The sensitivity and specificity of ST elevation in III > II for RCA are 99% and 94% respectively (p =< 0.0001), whereas the sensitivity and specificity of II ≥ III for LCX are 94% and 99% respectively. Importantly, ST elevation in lead III > II frequently supported ST depression in lead aVL > aVR than ST depression in lead aVL ≤ aVR (n: 45; 98% vs n: 5; 22%; p =< 0.0001) (Figure 1) . However, ST elevation in lead II > III favored ST depression in lead aVL ≤ aVR than ST depression in lead aVL > aVR (n: 18; 78% vs n: 1; 2%; p =< 0.0001) (Figure 2 ).
Study Limitations
The present study had several limitations that need to be considered when interpreting the clinical implications of our findings. This was a small sample size, prospective study in a single center. The study didn't deal in predicting the lesion either proximal or distal coronary occlusion, mega artery involvement. The study lacked the follow-up and complications like reinfarction, post infarction angina, arrhythmias and mortality. The electrocardiographic findings in our study might differ considerably from those patients with previous episodes of myocardial infarction, late presentation. Thus, our findings cannot be generalized to all patients with inferior wall AMI and large-scale studies are needed to confirm the present findings. We do not think that using these ECG criteria should replace angiography, but it would provide earlier identification of the culprit artery.
Conclusion
In conclusion, ST segment depression in leads aVR and aVL suggests a greater risk area in-patient with acute inferior wall myocardial infarction. The right coronary artery occlusion was most common in ST depression in leads aVL and aVR with ST depression in lead aVL > aVR and the left circumflex artery occlusion in ST depression in leads aVL and aVR with ST depression in lead aVL ≤ aVR. And, while evaluating risk in an acute inferior wall myocardial infarction, we should also look for ST depression in leads aVR and aVL, as it signifies a larger perfusion territory and demands for more aggressive reperfusion therapy.
